Abstract-With growing concern on climate change and ever increasing CO 2 emissions from coal fired power plants, countries across are looking for energy sources from the Earth. Heat mining from high heat generating granites is becoming a future technology to generate electric power and provide clean energy to the millions. It is estimated that such high heat generating granites in India have the capacity to generate energy equivalent of ~ 3x1022 BTU and bridge the gap between supply and demand of electric power.
I. INTRODUCTION
Nearly 60 to 65% of electricity in India is generated through coal based thermal power plants and the carbon dioxide emission from these coal based thermal plants stands at about 400 million metric tones till 2004 and is projected to escalate to 620 million metric tones by early 2013. This increase is due to additional 92000 MWe generated from coal based power plants. The current power generated is 1, 24,000 MWe (Fig 1) . The power generation growth rate is staggering around 4% since 2009 and this rate can not bridge the gap between supply and demand and increase the per capita electricity consumption from the current 600 to 1000 kWh [8] . However, India has large untapped geothermal power lying in high heat generating granites. Countries across the world are estimating the energy potential of such granites and preparing future energy road maps to control carbon dioxide emissions and become energy independent [18] . If the potential of the granites are exploited, India will be in a comfortable situation with regard to power production as well controlling CO 2 emissions.
Enhanced Geothermal System refers to extracting heat from granites that generate very high heat due to high concentration of radioactive elements like U, Th and K. A schematic diagram demonstrating the concept of EGS is shown in Fig. 2 schematic diagram demonstrating the concept of EGS is shown in Fig. 2 . Since such granites are buried under a thick thermal insulation, heat generated is contained within the granites for longer periods. These granites generate heat of the order of > 7 µw/m 3 . The concept of EGS is to create a network of fractures in the granites at a depth of about 2 to 4 km and circulate water through injection wells and collect the hot water through production wells. The hot water is used to use to generate power through a heat exchanger that hosts a low boiling point organic fluid. The heat from the water vaporizes the organic fluid and drives the turbine and the generator in turn. France has successfully created such EGS system and is currently generating 1 MWe as a pilot case to stabilize the circulating fluids. Now the technology has improved and advanced that instead of fluids, carbon dioxide is being circulated to extract heat from the granites. According to MIT [18] USA will be generating about 20,000 MWe through EGS in future [19] . 
III. COST FACTOR OF EGS
With advancement of drilling and heat exchanger technology and with new eco friendly organic fluids to extract heat from the circulating thermal waters/gases, heat mining from rocks appears to be the most cost effective method to produce electric power to meet the ever growing demand of electricity by developing countries like India. The cost of electricity in India is the highest compared to other countries amounting to 15 US cents/kWh. It is cheaper in China (7 US cents/kWh), France (14) , UK (12) and USA (10) [15] . To regulate CO 2 and particulate emissions, countries are using clean coal as source of fuel whose cost is much higher compared to normal coal. .
At the current available drilling technology, the cost of electricity from EGS for a stimulated volume of 7 billion cubic feet is about 5.5 US cents and this cost is expected to decrease to 5 US cents by 2015 [22] , [4] . The current shortage of power in India is about 10,000 MWe [11] and this shortage can easily be reduced in future by tapping EGS in the country. Indian has a good power distribution network and where ever the EGS is established, it is easy to connect the power plant to the network and supply to all the rural regions.
IV. GRANITES
Granites of different ages are exposed in almost all the Indian States (Fig. 3 ) and occur at different stratigraphic age as shown in Table I . [8] These granite cover surface area of about 150,000 km 2 [5] , [6] and a major part of these granites are buried under sedimentary sequences of varying ages or by Deccan flood basalts.
These granites have heat producing capacity of 1.5 to 8.2 μW/m 3 , and their high heating producing capacity resulted in high heat flow geothermal provinces with the recorded heat flow of 75 mW/m 2 to > 110 mW/m 2 [21] , [17] , [20] , [9] . These granites are also host all the major wet geothermal systems distributed along major rift and subduction zones (Fig. 3) . Using the thermal gradient, crustal density, heat flow values over the granite terrain, temperatures of 150 to 180° C have been estimated at depth of about 1.5 km that increases to 210° C at 4 km depth [8] , [9] . provinces are in grey shade [9] The power generating potential of some of the granite bodies in certain India States have been estimated by M/s GeoSyndicate Power Pvt. Ltd [8] . The reserve estimate of a small granite body (1000 km 2 ) located in Central India (Madhya Pradesh) is 24464 x 10 12 kWh while the current demand of electricity of this State is 33 x 10 9 kWh. Similarly reserve estimate of granite of 1000 km 2 area in Ladakh in HGP is about 60,000 x 10 12 kWh while the demand for electric power of Ladakh is 300 x 10 6 kWh. Thus the EGS reserves are far greater than the demand of each state. In fact high heat generating granites occur in almost all the Indian states (Fig. 3) . Similarly the estimated reserve of gratins of Andhra Pradesh is 111,200 x 10 12 kWh, while the current electricity deficit of the state is ~ 25 x 10 9 kWh [5] . Thus, EGS can help to make India energy independent and wipe out its 78,577 MWe deficit. Further, it aids in India's compliance with the UNFCCC mandate of reducing the CO 2 emissions by more than 5% and reducing carbon trade activity with European countries in the future.
V. THE HIMALAYAN GRANITES
The entire Himalayan Geothermal Province (HGP) encloses several leucogranites bodies that have higher radioactive element content (U: 36 ppm; Th: 5 ppm; [23] ). They are emplaced by anatectic melting process at shallower depths (~7 km) [14] , [16] . These leucogranites occur along with granite batholiths of older ages and the general age of all the granites varies from 1 to 274 Ma [1] . These granites occupy the entire Himalayan subduction zone extending from NW to NE Himalayan province with a running length of 2700 km and with an exposed width of 50 km. The leucogranites are potential candidates for EGS. These rocks are generated at deeper depth and the melts segregate at depth varying from 5 to 7 km. These granites take about 200 to 500 years to cool and crystallize [11] , [10] , [13] . The heat flow recorded over the granites is very high and varies from 70 -180 mW/m 2 [2] . The location of such granites is shown in Fig. 4 . Fig. 4 . Granites of the Himalayan geothermal belt (modified after [7] ) VI. STRESS REGIME OF THE GRANITES Stress regime in granites is very important to create fracture network to extract heat (Fig. 2) . Due to natural compressive regime of the Indian continent, these granites are under compressive force equivalent to 7 x 10 12 N/m [12] , [3] . Thus heat generating capacity and the stress regime of the granites are suited for EGS projects.
VII. CONCLUSIONS
India has the resources and technology to reduce CO 2 emissions and bridge the gap between supply and demand of electricity by tapping its hot dry rock resources. It is estimated that the high heat generating granites have the capacity to produce energy equivalent of ~ 3x10 22 BTU. Considering the future electric power demand and the current ~ 4 % growth rate of electricity, coal based thermal power plants alone may not be in a position to meet this demand and mitigate CO 2 emissions If the projected cost of electric power generated from enhanced geothermal systems is < 5 US cents [22] , then with the huge human resources available in the country, India would be in a position to generate electric power half this cost through EGS.
